Two separate and distinct episodes of non-At non-B hepatitis were induced in each of two chimpanzees by two inocula: one containing a chloroform-resistant agent and the other containing a chloroform-sensitive agent. Both agents were recovered from liver tissue and plasma obtained from a single chimpanzee during the acute and chronic phases of infection with a factor VIII concentrate, respectively. The chloroform-resistant agent did not cause unique changes in hepatocytes; in contrast, the chloroformsensitive agent did induce the formation of cytoplasmic tubules, convoluted endoplasmic reticulum, and dense reticular inclusion bodies. The latter changes are similar in character to those induced in infected cells by some enveloped mammalian RNA viruses.
Two separate and distinct episodes of non-At non-B hepatitis were induced in each of two chimpanzees by two inocula: one containing a chloroform-resistant agent and the other containing a chloroform-sensitive agent. Both agents were recovered from liver tissue and plasma obtained from a single chimpanzee during the acute and chronic phases of infection with a factor VIII concentrate, respectively. The chloroform-resistant agent did not cause unique changes in hepatocytes; in contrast, the chloroformsensitive agent did induce the formation of cytoplasmic tubules, convoluted endoplasmic reticulum, and dense reticular inclusion bodies. The latter changes are similar in character to those induced in infected cells by some enveloped mammalian RNA viruses.
Recent studies have demonstrated that posttransfusion non-A, non-B (NANB) hepatitis of human origin can be transmitted to chimpanzees by iv or percutaneous inoculation of infected plasma, serum, factor VIII concentrates, factor IX preparations t or commercially prepared fibrinogen [1] [2] [3] [4] [5] [6] . The occurrence of multiple episodes of NANB hepatitis in some individuals [7t 8] and the variation in the length of the incubation period for this disease, both in patients [9] [10] [11] [12] [13] and in experimentally infected chimpanzees [1] [2] [3] [4] [5] [6] , have been cited as presumptive evidence for the existence of two or more etiologic agents. Cross-challenge studies in experimentally infected chimpanzees [14] [15] [16] have also provided substantial support for the notion that more than one agent is responsible. This report documents the induction of two separate and distinct episodes of NANB hepatitis in each of two chimpanzees by two defined inocula: one containing a chloroform-resistant agent and the other containing a chloroform-sensitive agent.
Chimpanzees. Colony-born chimpanzees 1030, 1041, and 1091 were housed and instrumented as previously described [3] . The sera of chimpanzees 1030 and 1041 contained antibody to hepatitis B surface antigen but not that to hepatitis A virus. The serum of chimpanzee 1091 contained neither of these antibodies.
Inoculum I. An aliquot of one lot of a commercial antihemophilic material implicated in the transmission of NANB hepatitis to a patient and subsequently shown to transmit NANB hepatitis to chimpanzees [3] was used for the preparation of inoculum 1. Reconstituted factor VIII was diluted 1:1,000 in normal chimpanzee serum.
Inoculum II. A challenge inoculum was prepared by the combination of three plasma specimens from a chimpanzee that was a proved carrier of NANB hepatitis (animal 771) [17, 18] . These plasma samples were obtained 45-48 months after inoculation of 30 ml of the undiluted factor VIII materials used for the preparation of inoculum 1. Inoculum II was prepared from the plasma pool as follows. First, 6.0 ml of plasma was diluted to a volume of 38.5 ml in 0.01 M PBS (pH 7.4) and pelleted in a Beckman SW27 rotor (Beckman Instruments, Fullerton, Calif) at 120,000 g for 5 hr at 20 C. The supernatant was then decanted, and the pellet was resuspended in 10.0 ml of PBS and vortexed at room temperature (f\J25 C) for 10 min prior to inoculation. This pelleting procedure involves the assumption that the infectious agent is particulate and has a sedimentation coefficient of at least 157S.
Inoculum III. Liver tissue was obtained from chimpanzee 771 during the acute phase of NANB hepatitis. Cesium chloride density-gradient fractions of crude liver homogenates prepared from this tissue had previously been shown to cause NANB hepatitis in iv-inoculated chimpanzees [3, 19] . For our study, aliquots of the same liver tissue were subjected to a more extensive purification procedure than had been used before. In this procedure, 1.0 g of liver tissue was immersed in 20.0 ml of ice-cold PBS (pH 7.4), minced with scissors, and homogenized in a Sorval Omnimixer (I van Sorval, Norwalk, Conn) at top speed. The homogenate was filtered through four layers of cheesecloth and clarified by centrifugation at 12,000 g for 20 min at 25 C. Next, 4.0 ml of the supernatant solution was extracted with five volumes (20 ml) of chloroform (83%, vol/vol) by vortexing of the mixture for 10 min at 25 C. The suspension was separated by centrifugation at 775 g for 15 min at 25 C. The aqueous phase was removed, diluted 10-255 fold in 0.01 M Tris buffer (pH 7.4) and 0.001 M EDTA (Tris-EDTA), and centrifuged in a Beckman Ti-60 rotor at 260,000 g for 2 hr at 5 C. The resulting viral pellets were resuspended in 2 ml of Tris-EDTA plus 0.5070 bovine serum albumin (BSA). The suspension was layered onto a preformed cesium chloride density gradient (1.174-1.500 g/cm') and centrifuged in a Beckman SW27 rotor at 105,000 g for 20 hr at 5 C. Thirty-two fractions of 1.2 ml each were collected in siliconized tubes containing 0.5070 (wt/vol) BSA. Fractions with buoyant densities of 1.30-1.36 g/cm" were pooled, diluted sixfold in Tris-EDTA plus 0.5070 BSA, and centrifuged in an SW27 rotor at 110,000 g for 5.0 hr at 5 C for the recovery of virus. The pellets were resuspended in 0.01 M Tris buffer (pH 7.4) containing 0.5% BSA. This purification procedure is used on the assumption that the infectious agent is insensitive to lipid solvents, has a sedimentation coefficient of~157S, and possesses a buoyant density of 1.30-1. 36 g/em".
Inoculum IV. Inoculum IV was prepared in exactly the same manner as inoculum III except that chloroform extraction of the clarified crude liver homogenate was omitted.
Inoculum V. Inoculum V was prepared in exactly the same manner as inoculum II except that Chloroform extraction control studies. (1) plasma. Recovery of typical unenveloped and enveloped viruses from normal chimpanzee plasma subjected to the purification scheme used for inoculum II was accomplished via the seeding of whole plasma and plasma pellets with either 1.0 ml of poliovirus (titer, 10 6 infectious doses [ID]/ml) or 1.0 ml of bovine parainfluenza virus (titer, 10 6 ID/ml) as follows. Two 6.0-ml aliquots of plasma, one of which was seeded with virus, were diluted in PBS and pelleted as already described. The pellet containing virus was resuspended in 10.0 ml of PBS, and the pellet free of virus was resuspended in 9.0 ml of PBS and seeded with 1.0 ml of virus. Chloroform (2.5 ml) was added to each suspension prior to vortexing. Titers of virus were determined in resuspended plasma pellets prior to and after chloroform extraction by the end-point dilution method; the Vero monkey kidney and bovine embryonic kidney cell lines were used for poliovirus and bovine parainfluenza virus, respectively.
(2) Liver. Recovery of two control viruses from a normal chimpanzee liver homogenate subjected to the purification scheme used in the preparation of inoculum III was accomplished by the seeding of 9.0-ml aliquots of clarified liver homogenate with either 1.0 ml of poliovirus (titer, 10 7 ID/ml) or 1.0 ml of bovine parainfluenza virus (titer, 10 7 ID/ml). Seeded liver homogenates were purified as described for inoculum III, and the final suspensions were assayed for remaining virus. The titer of virus remaining at several intermediate stages of purification was also determined.
Serologic tests. Hepatitis B surface antigen, antibody to hepatitis B surface antigen, antibody to hepatitis B core antigen, and antibody to hepatitis A virus in serial serum specimens were routinely determined by Ausria II, Ausab, CORAB, and HA VAB (Abbott Laboratories, North Chicago, Ill), respectively. Titers of antibody to cytomegalovirus (CMV) and Epstein-Barr virus (EBV) were determined as previously described [3] .
Blood samples were obtained twice weekly for the determination of serum alanine aminotransferase (ALT) activity. This activity was measured by a manual colorimetric procedure, as previously described [3] . A cutoff value representing the 99070 confidence limit for the upper level of normal ALT activity in a given chimpanzee was established by calculation of the mean of 16 values obtained before inoculation and addition of 2.95 standard deviations of the mean to this value.
Electron microscopy. Liver biopsy specimens were obtained weekly by Menghini needle aspiration. Liver tissue was fixed and stored until use at 4 C in 4% formaldehyde (prepared from paraformaldehyde) in 0.1 M phosphate buffer (pH 7.2). Samples for electron microscopy were postfixed in osmic acid, stained with 1% uranyl acetate, dehydrated in a graded series of ethanols, and embedded in Epon araldite (Polysciences, Warington, Pa). Thin sections were stained with uranyl acetate and lead citrate.
Light microscopy. Serial (weekly) liver biopsy specimens obtained from chimpanzees 1030 and 1041 during their first episodes of NANB hepatitis were examined by light microscopy for histologic evidence of acute viral hepatitis.
Results
Control studies in chimpanzee 1091. Intravenous inoculation of chimpanzee 1091 with a 1: 1,000 dilution of one lot of infectious factor VIII materials (inoculum I; table 1) [3] did not result in elevated ALT activity during 28 weeks of observation (figure 1). Enzyme activity remained well within the range of the 16 ALT values obtained before inoculation and never exceeded the 990/0 confidence limit for normal ALT activity. Challenge of this animal with inoculum II, however, did cause significant elevations in ALT activity, which peaked at 70 milliunits/ml 10 weeks after inoculation. There was no serologic evidence of acute infection or reinfection with hepatitis A virus (HAV), hepatitis B virus (HBV), CMV, or EBV during the episode of NANB hepatitis in animal 1091.
Electron microscopic examination of serial liver biopsy specimens from animal 1091 revealed no abnormalities in hepatocyte ultrastructure after iv administration of inoculum I. Unique NANB hepatitis-associated ultrastructural changes, however, were found in the cytoplasm of hepatocytes in liver biopsy specimens obtained two weeks after infusion of inoculum II. These changes consisted of the commonly described tubules [5, 14, 15, 20, 21] as well as numerous convoluted bilayer membranes derived from proliferated endoplasmic reticulum [21] [22] [23] . Dense reticular inclusion bodies [21, 22] were also found in the cytoplasm of infected hepatocytes during the peak in the elevation of ALT activity. The latter structures are morphologically similar to the viroplasmic foci ("virus factories") previously identified in cells infected by some enveloped mammalian RNA viruses, including murine coronavirus [24] , flavivirus [25, 26] , and influenza virus [27] .
Chloroform extraction control studies. (1) Plasma. The recovery of poliovirus from seeded whole plasma and a seeded plasma pellet was unaffected by chloroform extraction or pelleting; no loss of infectivity was observed after either treatment. Pelleting of bovine parainfluenza virus from seeded whole plasma, however, resulted in a moderate loss of infectivity (HP ID/ml). Treatment of pelleted virus and a seeded plasma pellet with 20070 (vol/vol) chloroform resulted in the complete loss of infectivity of bovine parainfluenza virus in both preparations.
(2) Liver. The recovery of poliovirus from seeded liver homogenates was moderately affected by the extensive purification scheme used in the preparation of inoculum III. Approximately 10 2 ID of poliovirus infectivityIml was lost during the purification procedure. The loss was not due to extraction with 83070 (vol/vol) chloroform, since 10 5 ID of virus1m1was recovered after an identical extraction procedure that did not involve the use of chloroform. The infectivity of bovine parainfluenza virus in seeded liver preparations, how- 
ever, was completely lost after the initial extraction with 83070 (vol/vol) chloroform.
Transmission of infection by chronic-phase plasma fractions. Intravenous inoculation of chimpanzee 1041 with a chloroform-treated, chronic-phase plasma fraction (inoculum V) resulted in elevated ALT activity approximately one week later (figure 1). ALT activity reached a maximal level nine weeks after inoculation and returned to base-line values nine weeks later. Reinoculation of animal 1041 with an identical plasma fraction that had not been subjected to chloroform extraction (inoculum II) induced a second episode of NANB hepatitis after an incubation period of three weeks. No serologic evidence of acute infection or reinfection with HAV, HBV, CMV, or EBV was found during either episode of hepatitis. Light-microscopic examination of liver biopsy specimens obtained from this animal during the first episode of hepatitis revealed the presence of parenchymal lesions that were consistent with a diagnosis of acute viral hepatitis [3] . Examination of the same liver biopsy specimens by electron microscopy revealed extensive cytoplasmic vesiculation and abnormal hypertrophy of the endoplasmic reticulum that were coincident with the presence of severe parenchymal lesions (figure 2). No convoluted endoplasmic reticulum, tubules, or dense reticular inclusion bodies were observed in any of 10 serial liver biopsy specimens obtained during the major period of elevated ALT activity. Electron microscopic examination of liver biopsy specimens obtained during the second episode of disease, however, showed the presence of uniquely convoluted endoplasmic reticulum, tubules, and dense reticular inclusion bodies in the cytoplasm of hepatocytes ( figure 3) .
Transmission of infection by purified acutephase liver preparations. Intravenous inoculation of chimpanzee 1030 with inoculum III (table 1) resulted in significant elevations of enzyme activity within one week; major peaks of ALT activity occurred approximately four and nine weeks after inoculation (figure 1). Subsequent challenge of this animal with an identical liver preparation that had not been subjected to chloroform extraction (inoculum IV) failed to induce a second instance of elevated ALT activity (figure 1). However, a second challenge inoculum, consisting of pelleted chronic-phase plasma (inoculum II) and administered 40 weeks after the first inoculation, 259 did cause significant enzyme elevations three weeks after iv infusion (figure 1). No serologic evidence of acute infection or reinfection with HAV, HBV, CMV, or EBV was found during either episode of hepatitis.
Examination of serial liver biopsy specimens from animal 1030 by light microscopy revealed only mild sinusoidal activation prior to administration of inoculum III; however, these changes became more obvious immediately after inoculation with this preparation ( figure 4) . The activation of sinusoidal cells was conspicuous on day 28 but even more so on day 35, when the first hepatocellular alterations (some cytoplasmic clumping and mild steatosis), coincident with elevations in ALT activity, were noted. The latter changes were also present on day 43, during the time when the most severe histologic changes were seen (figure 4). Some focal necroses were also present on day 43. In this specimen, many portal tracts were noted; they were expanded and contained a large number of mainly mononuclear inflammatory cells that, in places, extended into the surrounding parenchyma, with a minor loss of hepatocytes in a mild, piecemeal necrosis. The bile ductules were proliferated, and inflammatory cells were noted within the epithelium of bile ducts. In subsequent specimens both lobular and portal tract lesions were present but were far less severe, with the portal tract lesions showing a tendency to a mild degree of fibrosis. Thus, the major histologic insult on day 43 apparently preceded the major peak of ALT activity during the first episode of NANB hepatitis in chimpanzee 1030.
Electron microscopic examination of serial liver biopsy specimens obtained from chimpanzee 1030 during the first episode of NANB hepatitis revealed abnormal cytoplasmic vesiculation in hepatocytes, with hypertrophy of the smooth endoplasmic reticulum as early as 11 days after inoculation. Cytoplasmic vesiculation was most prominent 43 days after inoculation and coincided with the appearance of the most severe histologic lesions (figure 5). One of the most notable ultrastructural changes was the appearance of numerous, highly convoluted lamellae within the Golgi complex 28 days after inoculation (figure 5, upper left). No tubules, convoluted endoplasmic reticulum, or dense reticular inclusion bodies were visualized in any biopsy specimen obtained during the first 40 weeks of study (figure 1). Crystalline arrays of electron-dense particles were also observed in endothelial cells of specimens obtained 28 and 43 days after inoculation (figure 5, bottom). Nuclear changes were most evident on day 43 and consisted of crenellated nuclear mem-branes and clumped and marginated chromatin. Clusters of densely stained 15-to 25-nm granules were also visualized in a limited number of hepatocyte nuclei ( figure 5, upper right) .
Challenge of chimpanzee 1030 with inoculum in places, to be irregularly clumped; the number of sinusoidal cells is conspicuously increased, and in some areas IV did not result in ultrastructural changes in hepatocytes. However, two weeks after challenge with inoculum II, convoluted endoplasmic reticulum and tubules were observed in the cytoplasm of hepatocytes ( figure 1) . Subsequent specimens contained dense reticular inclusion bodies in addition to the more abundant tubules and convoluted endoplasmic reticulum.
Discussion
We have previously reported the transmission of NANB hepatitis to chimpanzees via factor VIII materials, crude liver fractions, and acute-and chronic-phase plasma specimens [3, 14, [17] [18] [19] . In nearly every case, unique tubular structures derived from proliferated endoplasmic reticulum were visualized in the cytoplasm of infected hepatocytes [14, 23] . However, several discrepancies in the temporal patterns of ultrastructural changes in liver biopsy specimens were noted. Some animals that received the same inoculum developed similar profiles of elevated ALT activity but did not demonstrate the expected concordance in electron microscopic changes [23] . Furthermore, crosschallenge studies conducted in our laboratory showed that some episodes of NANB hepatitis in chimpanzees were not associated with the appearance of tubules or convoluted endoplasmic reticulum [14] .
The findings of our current study suggest that two etiologic agents are responsible for the transmission of posttransfusion NANB hepatitis. These agents are physicochemically distinct and can be differentiated on the basis of their sensitivity to chloroform treatment. This conclusion is based in part on the assumption that the chimpanzees used in these studies did not have latent viral infections that might have been reactivated by infusion of any of the experimental inocula. In fact, previous studies in our laboratory have shown that chimpanzees given an iv inoculation of noninfectious plasma from chimpanzees (up to 100 ml), homogenates of liver tissue from marmosets or chimpanzees, or suspensions of stool from chimpan-zees do not exhibit enzymatic or histologic evidence of nonspecific or spontaneous liver disease (authors' unpublished data).
The first episode of NANB hepatitis in chimpanzees 1030 and 1041 was induced by infection with a chloroform-resistant agent that was pelleted from a partially purified liver preparation in one instance and a chronic-phase plasma pool in the other. In animal 1030, the infectivity of a liver preparation from a chimpanzee with acute NANB hepatitis was demonstrated after an extensive purification procedure that was specifically designed to recover viruslike particles with properties similar to those of picornaviruses or small, unenveloped RNA viruses. Of interest is that the cytoplasmic vesiculation visualized in hepatocytes in some biopsy specimens obtained from animal 1030 during the first episode of NANB hepatitis was morphologically similar to that observed in cultured cells infected by mammalian picornaviruses [28] [29] [30] . This finding is consistent with our earlier-reported recovery of 27-nm viruslike particles from the factor VIII preparation and cesium chloride gradient fractions of the liver homogenate from chimpanzee 771 [3] .
Challenge of animal 1030 with inoculum IV failed to induce biochemical, histologic, or electron microscopic evidence of NANB hepatitis. Although we have previously demonstrated that the transmission of short-incubation NANB hepatitis (associated with the formation of tubules) to chimpanzees via cesium chloride gradient-fraction pools of an isopycnically banded crude liver homogenate from animal 771 [3, 19] , additional purification of the acute-phase liver homogenate obviously resulted in a complete loss of infectivity of the tubule-forming agent. Rechallenge of animal 1030 with inoculum II, however, caused a second episode of NANB hepatitis that was accompanied by the appearance of tubules, convoluted endoplasmic reticulum, and dense reticular inclusion bodies. As in chimpanzee 1030, challenge of animal 1041 with inoculum II resulted in renewed elevations of enzyme activity and the appearance of tubules, convoluted endoplasmic these cells have replaced hepatocytes, which have disappeared (focal necrosis) (hematoxylin and eosin, x 240). Lower left, day 43: Conspicuous enlargement of densely infiltrated portal tract. In places, inflammatory cells have replaced periportal hepatocytes. The number of sinusoidal cells has increased conspicuously (hematoxylin and eosin, x 100).
Lower right, day 43: Conspicuous enlargement of densely infiltrated portal tract, with focal extension of inflammatory cells into the surrounding parenchyma, where hepatocytes have been lost. Note infiltration of epithelium of bile duct in center (hematoxylin and eosin, x 100). Figure 5 . Cytoplasmic changes in hepatocytes in liver biopsy specimens obtained from chimpanzee 1030 during its first episode of NANB hepatitis (after infection with inoculum III). Upper left, day 28: Highly convoluted membranes within a Golgi complex in a hepatocyte (x 85,600). Upper right, day 43: Cytoplasmic vesiculation in a hepatocyte, with rounding and swelling of mitochondria. Clusters of dense granules are present in the nucleus (x 17,600). Bottom, days 28 and 43: Crystalline arrays of 25-to 30-nm, densely stained particles in endothelial cells. These arrays were sometimes associated with (or connected to) membranous structures (far left, x 52,300; middle, x 79,300; far right, x 40,(00). reticulum, and dense reticular inclusion bodies in hepatocyte cytoplasm. This finding reinforces the notion that two distinct agents are present in the factor VIII inoculum and that both may be associated with persistent viremia.
In summary, our findings suggest that (1) there are at least two distinct agents of posttransfusion NANB hepatitis; (2) the chloroform-sensitive agent is associated with the formation of cytoplasmic tubules, convoluted endoplasmic reticulum, and dense reticular inclusion bodies in hepatocytes; (3) the titer of neither agent was~1 x 10 3 chimpanzee ID/ml in the original factor VIII inoculum; and (4) both agents of NANB hepatitis are associated with ultrastructural alterations in hepatocyte cytoplasm.
